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Abstract. Newborn BALB/c and BALB/cfC3H male mice were given five daily injections
of 17B-estradiol and progesterone, alone and in combination, beginning within 36 hr after
birth. Mice were killed and autopsied between 19 and 27 months of age. Mice treated
neonatally with 178-estradiol showed a complete inhibition of spermatogenesis in 71% of the
BALB/c substrain (compared with 30% in the controls) and in 62% of the BALB/cfC3H

substrain (compared with 0% in the controls)

, with 8 and 10 animals, respectively, having at

least one testis completely atrophied. Estradiol alone resulted in epididymal cysts and some
metaplastic changes in the secondary sex accessories in both substrains. Estradiol/
progesterone combinations resulted in similar abnormalities in the male genital tract of both

substrains, whereas progesterone alone was

not so effective.

Abnormalities of the human reproductive
system have been shown to occur in
daughters of mothers who received syn-
thetic sex hormones, especially diethylstil-
bestrol (DES), antenatally (1). Mice ex-
posed antenatally or postnatally to steroid
sex hormones and DES also develop ab-
normalities of the female genital tract (2, 3).
Recent reports have described the possible
consequences to human male offspring of
intrauterine exposure to DES (1). So far no
cancerous changes have been observed in
the males, but possible infertility due to
pathologic changes in the genital tract has
been reported (1, 4, 5).

In male rats, Arai (6—8) reported that in-
jections of estrogen for 30 days from the
day of birth brought about an inhibition of
spermatogenesis and a marked atrophy of
reproductive accessories (see also 9). Dunn
and Green (9) found that mice receiving a
single injection of DES on the day of birth
developed epididymal cysts and changes in
the testis by one year of age. The effects of
neonatal estradiol treatment on male mice
have also been reported (10—13) including
hyperplastic and metaplastic changes in the
epithelium of the epididymis, the seminal
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vesicle and the ventral prostate, and inhibi-
tion of spermatogenesis. Neonatal DES
administration to rats and antenatal DES
administration to mice and hamsters also
result in genital tract changes in males, in-
cluding sterility (14—16). Two cases of in-
vasive squamous-cell carcinoma of the
genital tract of neonatally DES-treated
castrated male rats have been recently re-
ported (17). The present study examines the
long-term effects of neonatal progesterone,
alone and in combination with estradiol, on
the genital tract of male mice.

Materials and methods. Totals of 97
BALB/c and 109 BALB/cfC3H newborn
male mice survived to autopsy. Mice of
each substrain were separated into six
groups (Table I). Members of newborn lit-
ters were randomly distributed among sev-
eral groups. Experimental mice received sc
injections of 5 or 20 ug of 17B-estradiol; or
100 pg of progesterone; or 5 ug of 178-
estradiol + 100 ug of progesterone; or 20 ug
of 178-estradiol + 100 ug of progesterone,
in 0.02 ml of sesame oil (the vehicle) for 5
days beginning within 36 hr after birth. The
mice were weaned at 25 days of age.

Mice were killed and autopsied between
19 and 27 months of age; the mean age of
controls was 23.4 months for BALB/c mice
and 24.8 months for BALB/cfC3H. The
mean age of experimental BALB/c mice
was 24.4 months and of BALB/cfC3H mice
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TABLE I. TESTICULAR DEVELOPMENT IN OLD NEONATALLY STEROID-TREATED MALE BALB/c AND BALB/cfC3H MicE
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@ Differs from untreated BALB/cfC3H control, P < 0.05.
b Differs from untreated BALB/cfC3H control, P < 0.005.

* See text for explanation of grading.

23.9 months. Testes, epididymides, ventral
and dorsal prostates, seminal vesicles,
coagulating glands, ducti deferentes, and
adrenal glands were fixed in Bouin’s fluid
and sectioned in paraffin at a thickness of 7
pum; sample sections were stained with
Harris’ hematoxylin and eosin.

Spermatogenetic activity was graded by
counting the number of seminiferous tubule
sections containing spermatozoa and di-
viding that number by the total number of
seminiferous tubules present. In Table I, —
= <10%, + = <25%, ++ = <50%, +++
= <75%, and ++++ = >75%. The deter-
mination was done on a midsagittal section
of one testis from each animal. Data were
statistically analyzed using chi-square or
Fisher’s exact test and the variance test for
homogeneity of binomial distribution.

Results. Body weight. The average body
weight of the neonatally hormone-treated
groups was not significantly different from
that of the control groups, with the excep-
tion of those groups treated with 20 ug of
17B-estradiol alone, where the body
weights were significantly lower than those
of the respective control mice of each sub-
strain (P < 0.05).

Testes. The testes of three 2-year-old
BALB/c control mice lacked spermatozoa
and the cells lining the seminiferous tubules
showed many vacuoles (Fig. 1). However,
no testes from either BALB/c or BALB/
¢fC3H control mice were completely de-
generated, and in most cases the testes
were generally normal in appearance (Fig.
2). By inspection all experimental groups
with estradiol appeared to have an in-
creased proportion with — or = as com-
pared to controls (Table I). None of the in-
dividual comparisons of neonatally es-
tradiol or estradiol/progesterone-treated
BALB/c mice with controls were signifi-
cantly different by chi-square or Fisher’s
exact test. However, spermatogenesis was
significantly reduced in all experimental
groups treated neonatally with estradiol
when compared with the controls (0.025 >
P > 0.01). Comparisons of spermatogenesis
in each experimental BALB/cfC3H group
with controls was significantly different
(Table I). Neonatal progesterone treatment
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FiG. 1. Seminiferous tubules of the testis of a 24-month-old BALB/c control mouse. Note the
numerous large vacuoles. x100.

Fic. 2. Testis from a 24-month-old BALB/cfC3H control mouse. Note normal spermatogenesis in
seminiferous tubules. x100.
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did not have an effect on spermatogenesis
in either substrain with the exception of 1
BALB/c mice—one control and two neo-
natally treated with 20 ug of estradiol +
which showed no spermatogenesis (Figs. 3
and 4). Spermatogenesis was completely
suppressed in 6 of 7 BALB/c mice and in 13
of 17 BALB/cfC3H mice neonatally treated
with 20 ug of estradiol. In 4 of the BALB/c
and 9 of the BALB/cfC3H estrogenized
mice, at least one testis was completely re-
placed by fibrous tissue (Fig. 5). Similar
testicular degeneration was also observed
in some mice treated with estradiol/
progesterone combinations. In animals
where tubular structures were present, the
interstitial cells appeared normal. In three
BALB/c mice—one control and two
neonatally treated with 20 ug of estradiol +
100 pg of progesterone—interstitial cell
hyperplasia occurred (Fig. 6).

Epididymis. Epididymal cysts occurred
in 47% of all hormone-treated mice (Fig. 7).
Epididymides of all control mice were nor-
mal, with the exception of one BALB/
cfC3H mouse where the left epididymis was

enlarged with cystic areas. The majority of
mice treated with estradiol or estradiol/
progesterone which did not exhibit
epididymal cysts showed epididymal de-
generation. One of 12 BALB/cfC3H mice
and five of 22 BALB/c mice neonatally
treated with progesterone had epididymal
cysts.

Seminal vesicle. Control mice and mice
neonatally treated with pragesterone had
normal seminal vesicles. Mice treated
neonatally with 20 ug of estradiol had semi-
nal vesicles in which the epithelium showed
signs of atrophy and the lumen was narrow
and unbranched (Fig. 8); half of the animals
so treated showed areas of metaplasia in the
epithelium. The majority of mice neonatally
treated with either 5 ug of estradiol or
estradiol/progesterone combinations dis-
played atrophic epithelium. All hormone-
treated mice with an atrophic epithelium
also showed lymphocytic infiltration.

Prostate, coagulating gland, and ductus
deferens. In all mice treated with 20 pg of
estradiol the alveolar lumina of both the
dorsal and ventral prostates were collapsed

F1G. 3. Seminiferous tubules of the testis of a 24-month-old BALB/c mouse neonatally treated with

100 ug of progesterone. x100.
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F1G. 4. Seminiferous tubules of the testis of a 24-month-old BALB/c mouse neonatally treated with
100 pg of progesterone. Note the presence of vacuoles. x 100.

F1G. 5. Atrophic testis from a 20-month-old BALB/c mouse treated neonatally with 20 ug of 178-
estradiol. Note the lack of seminiferous tubules and interstitial cells and the presence of fibrous tissue.
x 100.
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FiG. 6. Testis from a 24-month-old BALB/cfC3H mouse treated neonatally with 20 ug of 178-
estradiol + 100 ug of progesterone. Note the presence of interstitial cell hyperplasia. x100.

Fic. 7. Epididymis from a 19-month-old BALB/c male mouse treated neonatally with 5 ug of
17B-estradiol. Note the dilated tubules and small amount of connective tissue. x40.
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F1G. 8. Seminal vesicle from a 23-month-old BALB/cfC3H mouse treated neonatally with 20 ug of

17B-estradiol. Note the atrophic epithelium. x 100.

with areas of heavy lymphocytic infiltra-
tion. The majority of the other hormone-
treated groups had atrophic prostatic tis-
sue, with the exception of those mice
treated with progesterone alone. Only 5 of
22 neonatally progesterone-treated BALB/c
mice showed atrophic prostatic tissue, and
no similarly treated BALB/cfC3H had such
abnormal features. The coagulating gland
and the ductus deferens of neonatally
hormone-treated animals were degenerated
only in those mice whose other sex acces-
sories were also atrophic. The sex acces-
sories of all control mice were normal.
Adrenal glands. The adrenal glands of
both control and hormone-treated mice ex-
hibited nodular hyperplasia, ceroid deposi-
tion and lymphocytic infiltration. However,
these histological features were more ex-
tensive in hormone-treated mice.
Discussion. The long-term effects of
neonatal exposure of female rodents to
steroids and to synthetic estrogens have
been well documented (2, 3). However, the
long-term effects of such exposures on male
rodents at advanced ages have not been so

well studied. Daily injections of estrogen
for 10 to 15 days from the day of birth cause
testicular damage and the permanent arrest
of spermatogenesis in mice at later ages (11,
12); even a single injection of estrogen
caused testicular damage (18). Perinatally
administered DES also causes abnor-
malities in male sex accessories (10, 15).
Although no evidence of neoplastic lesions
has been reported in the male mouse genital
tract, metaplastic changes occur (10, 15).
Squamous metaplasia occurs in the anterior
prostate and ejaculatory ducts and papillary
hyperplasia of periurethral regions of these
structures in neonatally castrated rats re-
ceiving DES (14, 18). The severity of these
lesions increases with age (20).

The results reported herein on male mice
at about 2 years of age indicate that
neonatal steroid administration does not
cause neoplastic changes but may lead to
sterility and complete atrophy of the testis.
The observed effects of estrogen and
estrogen/progesterone on the genital tract
of male mice may be explained, in part, by
effects of estrogen at the hypothalamo-
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hypophysial level. The effect of neonatal
estrogen injections on the testis of mice can
be counteracted by simultaneous injections
of androgen or gonadotropins (20, 21),
leading to the conclusion that the absence
of spermatogenesis in the testis of neona-
tally estrogenized mice was due to insuffi-
cient amounts of FSH and LH. In addition,
neonatal estrogen treatment caused de-
structive changes in the plasma membrane
of the germ cells and in myoid cells of the
connective tissue of the testes of mice by 10
to 20 days of age (22). However, the con-
tinued atrophy of the germ cells is probably
attributable to the suppressed secretion of
gonadotropins, with the degenerated germ
cells being phagocytized by Sertoli cells
(23, 24). In male rats, neonatal estrogen
treatment significantly decreased the
number of gonadotropes in the pituitary
when compared with controls (6). Similar
results were shown to occur in neonatally
estrogenized male and female mice (10, 24).

The failure of neonatal progesterone
treatment to induce severe abnormalities in
the male genital tract in the majority of
animals treated indicates the absence of a
direct effect on male reproductive struc-
tures (26). The cases where progesterone
alone did have an effect may have resulted
from the conversion of progesterone to
testosterone by extragonadal tissue (27).
The action of progesterone given concur-
rently with estrogen was probably more
synergistic than antagonistic, with regard to
the hypothalamus, as has been demon-
strated when the two steroids are given
concurrently (28). Recently, Tapanainen e?
al. (29) has shown that neonatal exposure of
rats to high progesterone treatment resulted
in an increase in the number of Leydig
cells. However, these changes were ob-
served at 1 to 3 weeks of age.

Dunn and Green (9) reported that in mice
neonatal administration of DES caused de-
structive changes in the epididymis includ-
ing degenerated or cystic areas. Both Mori
(10) and McLachlan et al. (14) noted that
perinatal estrogen treatment resulted only
in epididymal cysts. In the present investi-
gation, neonatal treatment with either es-
trogen or estrogen/progesterone brought
about both epididymal degeneration and

epididymal cysts, in agreement with the
findings of Dunn and Green (9). The vari-
able effects of neonatal steroid treatment
may depend on whether the neonatal
steroid treatment permanently altered the
epithelial lining of the epididymis (11, 30).

In female mice neonatally treated with
sex steroids and examined at approximately
2 years of age, severe genital tract lesions
developed, two of which could be described
as frank tumors (31). However, no compa-
rable lesions were found in the 2-year-old
male mice neonatally treated with sex
steroids. The absence of tumorous lesions
may be due to the antagonistic action of
testicular androgen during the perinatal pe-
riod following birth (20). Antagonism be-
tween androgen and estrogen has been
demonstrated in the reproductive accessory
glands of adult male mammals (27, 32). In
addition, Arai (8) found that neonatal cas-
tration of neonatally estrogen-treated rats
increased the incidence of neonatal estro-
gen-induced metaplasia to 100% and that
neonatal exogenous androgen treatment
reversed it.

The data reported herein from the
neonatal mouse model are in accord with
previously reported long-term studies and
raise the possibility that antenatal exposure
of the human male to DES and female sex
hormones can result in testicular pathology,
infertility, and other effects upon the genital
tract. Recently, Bibbo et al. (4) have de-
scribed abnormalities of the reproductive
tract of human males exposed to DES in
utero. The abnormalities included epidid-
ymal cysts in four of 42 males exposed
to DES, along with two instances of hy-
poplastic penis, two of hypoplastic testis,
and one of a testicular mass. Gill et al. (5)
reported a higher incidence of abnor-
malities of the genital tract in DES-exposed
males than in control males. A suggested
relation between maternal progestins and
human hypospadias has recently been
suggested (32).
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